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INTRODUCTION 


The  airship  research  program  conducted  by  the  Aerophysics 
Department  of  Mississippi  State  University  has  been  directed  toward 
improvement  of  the  overall  performance  capabilities'  of  the  airship. 

Past  research  efforts  have  included  full-scale  boundary  layer  measure¬ 
ments  on  a'ZS2G-l  airship  and  investigation  of  drag  reduction  by 
geometric  modification  of  airship  components.  An  analysis  of  experi¬ 
mental  results  end  a  study  of  drag  breakdowns  for  various  airship 
configurations  have  indicated  that  further  improvement  of  airship 
performance  may  be  gained  from  stern  propulsion. 

Since  approximately  20  per  cent  of  the  overall  drag  of  an  airship 
may  be  attributed  to  fins,  control  surfaces,  brace  cables,  and  tail  surface 
accessories,  a  large  drag  reduction  would  be  realized  by  removal  of  these 
components.  The  drag  breakdown  for  a  finless,  stern-propelled  ZS2G-1 
airship  shows  a  drag  reduction  of  57  per  cent  compared  to  that  of  the 
conventional  ZS2G- 1 .  (Reference  1). 

Partial  control  of  the  finless  ZS2G-1  airship  configuration  (as 
suggested  in  Reference  1)  would  be  available  from  cyclic  pitch  operation 
of  the  stern  rotor.  This  report  will  demonstrate,  however,  that  control 
moments  available  from  a  rotor  cyclic  pitch  system  are  smaller  than 
required  by  maneuverability  criteria  at  low  rotor  thrust  values.  Conse¬ 
quently,  removal  of  the  fins  of  the  airship  presents  a  serious  control 
problem,  and  necessitates  development  of  other  control  systems  which 
will  act  independently  or  in  conjunction  with  the  rotor  system  to  supply 
the  degree  of  control  required.  Such  systems  must  also  have  low  drag 
,in  a  non-actuated  condition. 


Installations  which  would  induce  nonsymmetric  pressure  dis¬ 
tributions  about  the  airship  hull  or  create  high  off-center  drag  forces 
were  suggested  for  evaluation  as  possible  control  devices  for  the-finless 
airship.  (Reference  2) .  Inflatable,  compartmented  rings  or  bulges,  and 
extensible  spoilers  are  examples  of  the  type  of  devices  considered  worthy 
of  investigation. 

This  report  contains  the  results  of  a  study  of  the  effects  of  induced 
nonsymmetric  pressure  distributions  on  the  aerodynamic  stability  of  an 
airship  model  as  a  first  step  toward  the  evaluation  of  such  control  devices. 
Flight  test  measurements  of  the  pressure  distributions  of  a  ZS2G-1  model 
were  integrated  to  obtain  force  and  moment  parameters  acting  on  the 
model  and  were  compared  to  conventional  airship  data.  An  analysis  of 
the  results  using  geometric  devices  and  air  ejection  for  inducing  nonsymr 
metric  pressure  distributions  are  presented  herein. 


DESCRIPTION  of  TESTS  AND  INSTRUMENTATION 
Test  Program 

Pressure  distributions  were  measured  on  a  13-foot  fiberglas -plywood 
model  of  the  ZS2G-1  airship.  The  model  was  mounted  above  an  AT- 11 
aircraft  on  an  adjustable  strut  arrangement  as  shown  in  Figure  3. 

Phases' of  the  test  program  were  as  follows: 

1 .  Preliminary  Flow  Measurements  Above  the  Aircraft 

Measurements  made  prior  to  installation  of  the  model 
to  examine  the  static  pressure  and  velocity  field  in  the 
region  to  be  occupied  by  the  model.  , 

2 .  pressure  Distributions  About  the  Bare  Hull 
Measurements  made  on  the  bare  hull  to  determine  the 
degree  of  instability  of  the  model  at  angles  of  attack. 

3 .  Pressure  Distributions  Using  Plywood  Spoilers 

An  investigation  of  the  effect  of  a  simple  geometric 
device  on  model  stability. 

4 .  Pressure~Distributions  Using  ^  Sinusoidal  Bulge 

..  JCo  determine  the  effect  of  a  large  geometric  change  of 
body  shape  on  stability. 

5 .  Pressure  Distributions  Using  Air  Ejection  Through  a  Slot 
in  the  Nose  of  the  Model. 


To  investigate  a  non-geometrical  means  of  stabilization. 
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Test  Conditions 

Since  the  model  was  to  be  mounted  near  the  aircraft,  it  was 
necessary  to  examine  the  flow  field  in  the  region  to  be  occupied  by 
the  model.  A  survey  of  the  region  was  made  for  a  series  of  flight 
conditions  to  determine  the  static  and  dynamic  pressure  variations 
as  well  as  streamline  deviation  relative  to  the  freestream  flow. 

This  information  allowed  data  to  be  corrected  for  errors  due  to  the 
proximity  to  the  aircraft.  Corrected  data  were  compared  to  theoretical 
and  wind  tunnel  data  and  found  to  agree  within  acceptable  limits . 
Comparison  of  experimental  and  theoretical  pressure  distributions 
are  shown  in  Figure  6. 

The  model  was  mounted  on  adjustable  struts  to  allow  angle  of 
attack  to  be  changed  within  +  15  degree  limits.  No  arrangement  was 
made  to  yaw  the  model  since  yaw  conditions  could  be  simulated  by 
change  in  angle  of  attack  of  the  symmetrical  model.  Angle  of  attack 
and  zero  yaw  conditions  were  maintained  in  flight  by  use  of  the  aircraft 
angle  of  attack  indicator  as  well  as  balanced  static  pressure  readings 
from  orifices  located  at  the  nose  of  the  model.  Airspeed  was  measured 
on  a  calibrated  indicator  using  a  trailing  static  pressure  sonde 
for  freestream  static  pressure  reference. 

Z  S  2  G  -  1  Model  and  Test  Devices 

The  ZS2G-1  model  construction  consisted  of  a  series  of  internal 
plywood  bulkheads  which  were  bonded  to  the  Fiberglas  hull.  The  hull 
was  sanded  to  a  smooth  finish'^nd  several  coats  of  lacquer  applied. 
Additional  sandings  resulted  in  an  exceptionally  smooth  and  wave-free 


M* 


surface. 


Model  Dimensions 


Length 

12 . 64  feet 

Volume 

58.70  cubic  feet 

Wetted  Area 

95 . 05  square 

feet 

Scale 

1/22.3 

Center  of 

Buoyancy  Position 

5.78  feet  from  nose 

Maximum  Diameter 

3.028  feet 

L/D  Ratio 

■  4.175 

(Volume) 

3.886  feet 

(Volume) 

15.12  square 

feet 

Distance  of  the  longitudinal  axis  of  the  model  from  the  aircraft 
at  zero  angle  of  attack  was  4.0  feet.  Coordinates' of  the  model  are 
plotted  in  Figure  1 . 

Description  of  Spoiler  and  Bulge  Devices 

Four  plywood  spoilers  and  a  sinusoidal  bulge  were  used  during 
the  test  program  to  induce  nonsymmetric  pressure  conditions  about 
the  model.  Spoilers  were  designed  for  attachment  to  the  body  at  four 
positions  relative  to  body  length  and  to  act  on  one  quadrant  of  the 
model.  Thus,  the  circumferential  span  of  each  spoiler  was  0.25  times 
the  model  circumference  at  each  location.  Spoilers  were  2.5  inches 
high  and  0,25  inch  thick.  A  typical  spoiler  is  illustrated  in  Figure  4. 
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Spoiler  Attachment  Positions  and  Areas 


1. 

x/L  = 

0.0722 

A  =  0.327 

square  feet 

2. 

x/L  = 

0.1687 

A  =  0.451 

square  feet 

3. 

x/L.= 

0.2653 

A=  0.505 

square  feet 

4. 

x/L  = 

0.3730 

A=  0.529 

square  feet 

A  Fiberglas  bulge  was  the  second  geometric  device  tested.  The 
outside  bulge  shape  was  that  of  a  sine  curve  faired  into  the  body 
curvature  at  stations  x/L  =  0.026  and  x/L  =  p.  112.  Maximum  thickness 
of  the  model  at  the  bulge  section  was  located  at  x/L  =  0.0722.  Height 
of  the  bulge  was  2.5  inches  at  this  position.  Figure  5  shows  the  bulge 
installed  on  the  model. 

•  » 

Blower  System  for  Air  Ejection 

Figure  4  shows  a  photograph  of  a  slot  in  the  nose  of  the  model 

•  • 

through  which  air  was  ejected  from  a  blower  within  the  aircraft.  The 
system  consisted  of  an  intake  scoop  located  beneath  the  aircraft,  a 
calibrated  venturi,  and  a  blower  capable  of  delivering  350  cubic  feet 
of  air  per  minute.  The  venturi  was  used  to  determine  flow  volume 
.  through  the  system. 

A  flexible  tube,  4  inches  in  diameter,  connected  the  bloweV  to 
the  model.  Internal  plywood  flow  guides  were  installed  to  eject  air 
normal  to  the  model  surface.  Slot  length  was  0.25  times  model  circum- 
’ference.  Figure  4  shows  a  slot  0.  1875  inch  wide  at  x/L  =  0-yl82. 
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Instrumentation 

An  adjustable  yaw  head  and  a  rake  of  static  and  total  pressure¬ 
measuring  tubes  were  used  in  the  flow  survey  above  the  aircraft. 

All  pressure  distributions' were  measured  at  constant  dynamic 
head  which  was  read  from  a  calibrated  pressure  indicator.  Freestream 
total  pressure  was  measured  by  use  of  a  Kiel  tube  mounted  at  the  nose  of 
the  aircraft.  Freestream  static  pressure  was  obtained  from  a  calibrated 
sonde  which  was  lowered  from  the  aircraft  by  a  thin  wire  cable.  . 

A  panel  of  24  pressure  indicators  was  used  for  measurements  of 
pressure  distribution  over  the  model  surface.  Since  a  large  number  of 
measurements  were  required  for  each  pressure  survey,  it  was  necessary 
to  install  a  plug-in  type  switching  panel  between  the  instruments  and 
model.  The  instrument  panel  also  held  two  airspeed  indicators  which 
were  used  to  indicate  angle  of  attack  and  yaw; 

The  upper  half  of  the  model  was  equipped  with  137  flush-mounted 
orifices  which  were  connected  to  the  interior  of  the  aircraft  by  0. 125  inch 
plastic  tubing,  These  orifices  were  arranged  in  circumferential  rows 
22.5  degrees  apart.  Four  additional  rows  were  installed  on  the  lower 
half  of  the  model  to  aid  in  checking  agreement  of  data  at  zero  angle 
of  attack. 

Only  the  upper  half  of  the  model  was  used  for  measurements  in 
order  to  minimize  errors  due  to  the  supporting'  struts .  This  procedure 
required  measurements  on  the  upper  surface  at  negative  angles  of 
attack  for  simulation  of  conditions  on  the  lower  half  of  the  model  at 
corresponding  positive  angles  of  attack. 

Pressure  distributions  about  the  spoilers  and  bulge  were  obtained 
using  small,  flat  pressure-measuring  tubes  and  flush  surface  orifices. 

♦ 


REDUCTION  OF  DATA 


Pressure  distributions  were  integrated  graphically  to  determine 
pressure  drag,  lift,  and  moments  about  station  x/L  =  0.45  74.  This 
station  corresponds  to  the  center  of  buoyancy  position  of  the  ZS2G-1 
airship  and  was  chosen  for  convenience  of  data  comparison  with  the 
full-scale  airship. 

The  graphical  method  of  obtaining  forces  and  moments  acting 
on  a  body  is  commonly  used,  although  subject  to  error  unless  pressure 
distributions  are  carefully  measured  and  a  sufficient  number  of  points 
along  the  body  are  included  in  the  calculations.  In  preparing  this  report 
efforts  were  made  to  reduce  error  to  a  minimum. 

The  model  surface  was  divided  into  16  longitudinal  sections  along 
which  pressure  distributions  were  measured.  Integration  of  the  static 
pressure  acting  on  each  section  and  a  summation  of  results  were  taken 
to  obtain  forces  and  moments  acting  ort  the  entire  model.  A  total  of 
42  points  along  each  section  was  used  in  the  calculations. 

Special  attention  was  given  to  the  nose  section  of  the  model  where 
errors  were  most  likely  to  occur.  A  final  comparison  of  results  revealed 
some  data  scatter,  but  fair  agreement  was  noted  with  previously 
measured  wind  tunnel  data. 

Equations  used  for  graphical  integration  of  the  static  pressure 
distributions  about  the  model  may  be  expressed  in  the  following  general 


forms: 
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1 .  Force  coefficient  parallel  to  longitudinal  axis 

/r 


2  JT 

tjz 


V 


C  r  d  r  — 
P 


x  =  0 


A 


x  =  L 

C  r  d  r 
P 


2.  Force  coefficient  normal  to  longitudinal  axis 

16  L 

1 


—  C  r  sin  0  d  x 
P 


"Y  indicates  summation  of  forces  on  16  longitudinal  body  sections 

3,  Moihent  coefficient  about  position  of  maximum  thickness  due  to 
force  parallel  to  longitudinal  axis 


16 


M, 


8V 


R 


2 

C  r  s  in  0  d  r  - 
P 


C  sin0  dr 
P 


X  =  0 


y  R 


4.  Moment  coefficient  about  position  of  maximum  thickness  due  to  force 
normal  to  longitudinal  axis 
16 


TT 


M 


N. 


8V- 


x 


r=R 

C  rx  cos  0  dx  — 
P 


A 

/  ^=R 


C  rxcox0  dx 
P 


5.  Pressure  drag  coefficient  at  an  angle  of  attack 


Cd  coso^  + 

P  P  P 


sin  o 


6.  Lift  coefficient  at  an  angle  of  attack 


cos  Ok 


sin  oc 
P 


7.  Total  moiTEnt  coefficient  about  position  of  maximum  thickness 


Cj^  was  transferred  to  the  C.  B.  position  for  comparison 
to  airship  data.  (See  Figure  2  for  notation). 


DISCUSSION  OF  RESULTS 

A  spoiler  or  bulge,  installed  near  the  nose  of  a  symmetrical 
body  of  revoluticn  at  zero  angle  of  attack,  will  cause  nonsymmetry 
of  the  static  pressure  distribution  about  the  body.  Near  the  location 
of  a  bulge,  for  example,  static  pressure  becomes  more  negative  due 
to  acceleration  of  the  flow,  or  "supervelocity."  A  destablizing  moment 
arises  as  a  result  of  the  nonsymmetric  distribution  of  static  pressure 
forces  along  the  surface  of  the  body  which  tends  to  rotate  the  body  from 
its  original  position.  When  the  body  is  at  an  angle  of  attack,  however, 
induced  moments  may  be  either  stabilizing  or  destabilizing,  depending 
upon  the  particular  type  of  device  used  and  its  effects  on  the  flow  about 
the  body. 

The  current  work  attempts  to  determine  the  effects  of  induced 
nonsymmetric  pressure  distributions  on  stability  of  a  finless  airship 
form.  Final  results  are  compared  to  conventional  airship  data,  and  the 
devices  used  are  evaluated  as  possible  control  units  for  the  stern-propelled 
airship . 

During  this  investigation,  graphical  integration  was  used  to 
determine  moments  about  the  center  of  buoyancy  position  due  to  static 
pressure  forces  only.  Moments  resulting  from  off-center  forces  arising 
from  frictional  drag  were  not  included  in  analysis  of  the  current  problem. 
Moments  due  to  drag  forces  are  generally  small  in  the  present  situation, 
however,  and  neglect  of  frictional  drag  moments  should  not  seriously 
affect  final  results . 
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Pressure  Distribution  Characteristics 

Pressure  distributions  are  illustrated  in  Figure  6  which  allow 
comparison  of  model  tests  with  theoretical  and  previously  measured  wind 
tunnel  data.  Figures  7,  8,  and  9,  show  pressure  distributions  as 
affected  by  the  test  devices  at  zero  angle  of  attack. 

Some  correlation  between  moment  about  the  center  of  buoyancy 
position  and  characteristics  of  the  pressure  distribution  may  be  noted 
from  these  plots.  The  bulge  device  produces  a  large,  negative  pressure 
peak,  but  also  creates  a  high,  positive  pressure  region  immediately  behind 
its  location  on  the  model.  This  high  pressure  region  tends  to  cancel  the 
nose-up  moment  resulting  from  the  negative  pressure  peak  when  the  bulge 
is  located  on  the  upper  nose  section. 

A  similar  situation  exists  when  a  spoiler  is  used.  A  high  pressure 
region  exists  some  distance  aft  of  the  spoiler,  which  is  less  pronounced 
than  that  which  occurs  behind  the  bulge.  However,  this  region  plus  the  • 
stagnation  pressure  region  at  the  base  of  the  spoiler  reduce  the  nose-up 
moment  resulting  from  the  negative  pressure  peak  which  occurs  immediately 
behind  the  spoiler. 

The  above  effects ,  combined  with  drag  characteristics ,  determine 
the  total  nose-up  pitching  moment  produced  by  each  device.  The  spoiler 
produced  the  higher  nose-up  moment,  primarily  because  of  its  higher 
drag  rather  than  its  effect  or  lift. 

Tests  with  air  ejection  were  limited  in  number  because  of  termi¬ 
nation  of  the  project,  and  since  air  ejection  from  a  single  slot  did  not 
appear  attractive  at  the  flow  quantities  available  for  the  tests.  Nose-up 
pitching  moment  resulting  from  this  method  was  generally  due  to  higher 
pressures  on  the  rear  of  the  model  rather  than  from  effects  at  the  nose. 
(Figure  9) . 
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Pressure  recovery  at  the  rear  of  the  model  remai.ned  essentially 
constant  for  all  test  conditions.  Some  scatter  of  data  occurred  because 
of  highly  turbulent  flow  generated  by  the  test  devices  and,  consequently, 
some  inconsistency  was  noted  in  final  results.  The  data,  however, 
were  sufficiently  accurate  to  indicate  the  general  magnitude  of  the 
moments  produced  by  each  device. 

Effect  o f  Spoiler  Location 

Pressure  distributions  were  measured  with  spoilers  attached  at 
four  positions  along  the  length  of  the  model.  These  tests  were  conducted 
to  determine  the  magnitude  of  moments  produced  by  the  spoilers  relative 
to  location  of  the  minimum  pressure  point  on  the  bare  hull.  Results  are 
illustrated  in  Figure  10. 

It  is  interesting  to  note  that  pressure  drag  of  the  model  is  maximum 
at  the  point  of  minimum  pressure.  Lift,  however,  varies  considerably 
with  spoiler  location,  being  maximum  a  short  distance  behind  the  minimum 
pressure  point.  Maximum  moment  occurred  at  the  most  forward  spoiler 
location,  primarily  because  of  the  greater  distance  to  the  center  of 
buoyancy  rather  than  from  higher  lift  at  this  position.  Negative  moment 
coefficients  occurred  when  the  lift  vector  was  shifted  aft  of  the  center 
of  buoyancy. 

These  measurements  indicate  that  effectiveness  of  a  control  device 
is  strongly  dependent  upon  location  of  the  device  relative  to  theopoint 
of  minimum  pressure  and  distance  from  the  center  of  buoyancy  of  the  airship. 


Tests  with  a  spoiler  and  bulge  were  made  at  angles  of  attack 
with  devices  located  on  the  upper  and  lower  quadrants  of  the  model. 

Both  devices  were  located  at  the  most  effective  spoiler  position 
determined  from  the  previous  tests.  (x/L  =  0.0722).  Maximum  height 
of  the  bulge, ■  measured  perpendicular  to  the  longitudinal  axis,  was  2.5 
inches  which  correqaonded  to  spoiler  height.  Length  was  8.5  per  cent 
of  the  total  length  of  the  model. 

Lift  and  pressure  drag  coefficients  for  the  various  bulge  and 
spoiler  arrangements  are  plotted  in  Figures  11  and  12.  It  will  be  observed 
that  drag  coefficients  are  negative  in  sign  with  the  spoiler  or  bulge 
located  on  the  lower  model  quadrant.  The  negative  sign  occurs  since 
the  normai  force  coefficient  (C^  )  is  negative  at  positive  angles  cf 

attack  due  to  high  negative  lift  of  the  spoiler  and  bulge. 

Pressure  drag  due  to  the  spoiler  was  larger  than  that  of  the  bulge 
at  small  angles  of  attack.  However,  pressure  drag  at  higher  angles  of 
attack  varied  with  upper  and  lower  location  of  each  device. 

Determination  of  lift  coefficients  of  the  model  with  both  spoiler 
and  bulge  produced  several  unexpected  results.  The  bulge,  when  located 
,on  the  upper  model  quadrant,  produced  a  negative  lift  coefficient  at 
zero  angle  of  attack  which  was  opposite  to  that  due  to  the  spoiler. 
Furthermore,  data  show  a  negative  increase  of  lift  coefficient  with 
increasing  positive- angle  of.  attack  for  both  devices  located  in  the  lower 
quadrant  position. 
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Effect  o f  Spoiler  and  Bulge  o n  Mode]  Stability 

Moment  coefficients  about  the  center  of  buoyancy  position  due  to 
lift  and  pressure  drag  are  plotted  in  Figure  13=  Moments  were  more 
positive  than  those  of  the  bare  hull  when  devices  were  located  on  the 
underside  of  the  model  at  high  angles  of  attack.  Also,  moment  produced 
by  the  upper-mounted  bulge  was  smaller  than  that  of  the  bare  hull. 

These  results  were  surprising,  but  become  evident  upon  inspection  of 
the  pressure  distributions  for  the  particular  cases  mentioned. 

The  spoiler,  or  bulge,  when  mounted  on  the  upper  model  quadrant, 
produces  a  negatiye  pressure  peak  which  causes  rotation  of  the  model  in 
a  nose-up  direction.  However,  flow  separation  induced  by  the  device 
causes  the  pressure  on  the  upper,  rear  portion  of  the  body  to  become 
more  negative  which  shifts  the  lift  vector  closer  to  the  center  of 
buoyancy  position  as  angle  of  attack  is  increased.  Nose-up  moment 
due  to  lift  therefore  decreases,  and  in  some  Instances,  may  be  less  than 
that  of  the  bare  hull. 

High  positive  moments  due  to  +he  lower-mounted  spoiler  and  bulge 
at  an  angle  of  attack  may  be  attributed  to  two  effects.  As  angle  of  attack 
is  increased,  the  negative  moment  due  to  drag  of  the  device  becomes 
more  positive  since  the  length  of  the  moment  arm  with  respect  to  the 
center  of  buoyancy  position  is  reduced.  In  addition,  increased  negative 
pressure  on  the  lower,  rear  portion  of  the  model,  due  to  accelerated  flow 
over  the  test  device,  produces  a  high  nose-up  pitching  moment.  As  a 
result,  total  nose- up  pitching  moment  is  larger  when  devices  are  located* 
on  the  underside  of  the  nose  . 


These  results  indicate  that  a  lower- mounted  spoiler  control  device 
for  an  airship  would  produce  only  small  stabilizing  moments  at  low 
positive  angles  of  attack.  The  bulge-type  control  device  appears  to  offer 
better  possibilities  as  a  control  unit  since  it  tends  to  produce  a  larger 
stabilizing  effect  at  higher  angles  of  attack. 

Magnitude  of  moments  produced  by  either  spoiler  or  bulge  is 
small,  however,  and  neither  appear  sufficiently  effective  for  use  as 
control  devices  for  an  airship  -  even  when  used  to  supplement  control 
available  from  a  stern-propulsion  unit. 

Co  ntrol  Available  from  a  Stern  Rotor 

Using  values  of  total  drag  coefficient  for  the  ZS2G-1  airship 
from  Reference  3 ,  moments  available  from  a  stern-propulsion  unit  of 
an  advanced,  finless  ZS2G-1  airship  configuration  were  computed  for 
various  airspeeds  and  angles  of  attack.  (Figure  14).  Drag  coefficients 
of  the  original  airship  were  reduced  by  5  7  per  cent  as  an  approximation 
of  the  drag  coefficients  of  the  advanced  airship  configuration.  (Refer 
to  Reference  1)  c 

A  maximum  airspeed  of  100  knots  and  a  rotor  propulsive  efficiency' 
of  6  7.5  per  cent  were  assumed  in  the  calculations.  A  power  plant 
capable  of  delivering  approximately  1500  horsepower  to  the  rotor  is 
required  to  drive  the  airship  at  a  maximum  velocity  of  100  knots.  Control 

o 

moments  available  from  cyclic  pitch  control  were  computed  for  a  rotor 
tilt  of  15  degrees  with  respect  to  the  longitudinal  axis  of  the  airship. 

Figure  14  illustrates  the  magnitude  of  the  control  moments 
available  from  the  stern-propulsion  unit  at  maximum  airspeed  and  full 
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rotor  thrust  conditions .  It  will  be  noted  that  the  rotor  is  capable  of 
producing  only  a  small  fraction  of  the  moment  required  to  overcome 
instability  of  the  bare  hull  for  the  above  flight  conditions . 

Marginal  control  of  the  airship  appears  possible,  however, 
with  application  of  full  power  at  low  flight  velocities.  Calculations 
show  that  the  rotor  will  produce  a  stabilizing  moment  at  an  angle  of 
attack  of  15  degrees,  providing  airspeed  is  below  about  13,5  knots.  Air¬ 
speed  is  therefore  seriously  restricted  when  cyclic  pitch  control  of  the 
stern  rotor  is  the  only  means  of  control  available  for  a  finless-type  airship. 

Discussion  of  a  Combined  Control  System 

Tests  with  the  spoiler  and  bulge  devices  indicate  the  upper, 
nose-mounted  bulge  to  be  the  more  effective  device  for  reducing  the 
destabilizing  moment  of  the  bare  hull.  Figure  15,  shows  the  degree  of 
stability  possessed  by  a  finless,  stern-propelled  airship  having  cyclic 
pitch  control  of  the  rotor  combined  with  a  bulge-type  control  device  at 
the  nose.  Two  conditions  are  illustrated:  (1)  steady  flight  conditions 
at  maximum  rotor  thrust  and  maximum  airspeed,  and  (2)  maximum  rotor 
thrust  at  a  lower  flight  velocity.  The  latter  case  assumes  full  power 
application  to  the  rotor  at  an  airspeed  30  knots. 

Under  condition  one,  at  maximum  velocity,  the  airship  would  be 
unstable  at  all  angles  of  attack.  Condition  two  shows  that  control  of 
the  airship  would  not  be  possible  above  an  airspeed  of  30  knots  at 
10  degrees  angle  of  attack. 

A  comparison  of  the  combined  bulge  and  rotor  system  with  the 
XZP5-K  airship  is  made  in  Figure  16.  These  curves  show  that  the  bulge 
rotor  system  at  maximum  rotor  thrust  and  maximum  airspeed  will  offer 


18 


only  slightly  higher  stabilization  to  the  airship  than  is  presently  possessed 
by  the  XZP5-K  with  fins  at  zero  elevator  deflection.  At  an  airspeed  of 
30  knots,  stabilizing  moments  produced  by  the  bulge- rotor  system  are 
comparable  to  the  XZP5-K  with  elevators  deflected  -  10  degrees. 

These  curves  are  also  compared  with  the  airship  having  an  elevator 
deflection  of  -30  degrees  .  Moment  coefficient  of  the  XZP5-K  for  this 
condition  is  approximately  2.5  times  larger  than  that  of  the  stern-propelled 
airship  at  30  knots. 

Projected  Research 

Final  results  indicate  the  bulge-rotor  system  to  be  relatively  poor 
as  a  means  for  controlling  the  finless-type  airship.  The  possibility 
exists,  however,  that  such  systems  may  be  perfected  through  future 
research  efforts  and  prove  applicable  to  vehicles  aerodynamically  similar 
to  the  airship. 

Torpedoes,  for  example,  present  control  problems  not  unlike  those 
of  the  finless  airship  since  the  torpedo  is  a  stern-propelled  vehicle 
having  restricted  control  surface  area.  Fluid  ejection  systems  for  torpedoes 
are  currently  being  evaluated  by  various  research  agencies  in  an  effort 
to  solve  the  torpedo  problem.  Other  concepts,  such  as  the  use  of 
geometry-changing  devices,  may  prove  applicable  to  torpedo-type  missiles, 
provided  continued  research  is  devoted  toward  perfection  of  required 
techniques . 

Future  development  of  low-drag  control  systems  is  essential  in 

view  of  the  ever-increasing  demands  for  higher-speed,  longer-range 

© 

vehicles  of  all  types. 


CONCLUDING  REMARKS 


r. 


1.  Control  moments  available  from  cyclic  pitch  operation  of  a  proposed 
stern  rotor  are  insufficient  to  provide  stabilization  of  a  finless 
airship  at  a  full-power,  maximum  airspeed  condition. 

2 .  Control  by  cyclic  pitch  of  a  stern  rotor  is  marginal  at  low  airspeed 
with  application  of  full  power  to  the  rptor. 

3 .  Combination  of  a  bulge-type  control  device  with  cyclic  pitch  control 
of  a  stern  rotor  does  not  appear  applicable  for  airships  because  of 
restricted  airspeed  at  moderate  angles  of  attack. 

4.  A  bulge-type  control  device  used  to  supplement  cyclic  pitch  control 
of  the  stern  rotor  produces  a  stabilizing  influence  to  the  finless 
airship  comparable  to  that  of  a  conventional  airship  with  zero 
elevator  deflection. 

5.  Tests  indicate  that  the  magnitude  and  direction  of  moments  resulting 
from  a  spoiler  or  bulge  device  located  on  the  forward  portion  of  an 
airship  form  are  strongly  related  to  position  of  the  device  with 
respect  to  location  of  minimum  pressure  on  the  bare  hull. 

6.  A  bulge-type  device  is  capable  of  producing  a  larger  stabilizing 
effect  on  a  finless  airship  form  at  moderate  angles  of  attack  than 
a  spoiler  of  the  same  height  and  span. 
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